| nfluence of water
hardness, chloride, and
acclimation on the
acute toxicity of
sulfate to freshwater
% invertebrates

David J. Soucek
Center for Economic Entomology
[1linois Natural History Survey
Champaign, IL



rjl i1
L.










28 Inlllinois, General Use standard is currently 500
it mg/L (based on drinking water standard).




Objectives:
1. Generate acute toxicity datafor sodium sulfatein MHRW
2. Determineinfluence of hardness on sulfate toxicity

3. Determine influence of acclimation on sulfate toxicity

4. (Determine influence of chloride on sulfate toxicity)




Ceriodaphnia dubia




Hyalella azteca




Chironomus tentans




Phc;fo: Mike Jeffords, INHS

Sohaerium simile



Toxicity of sulfate to freshwater invertebratesin MHRW (U.S. EPA,
1993). Hardness = 90-100 mg/L. LC50s expressed as mg SO /L.

Species Duration Mean LC50 Range

Ceriodaphnia dubia 48 h 2,050 mg/L 1,869 — 2,270

Ceriodaphnia dubia 48 h 2,082 mg/L 1,196 — 2,392
(Mount et al., 1997)

Chironomus tentans 48 h 14,134 mg/L | 14,123 - 14,146

Sphaerium simile 96 h 2,078 mg/L 1,901 - 2,319

Hyalella azteca 512 mg/L 431 - 607




Nominal chemical composition of MHRW (U.S. EPA, 1993)

and RMHRW (Smith et al.
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Influence of culture/testing water composition on toxicity of
sulfate to Hyalella azteca and Ceriodaphnia dubia.
L C50s expressed asmg SO /L.

Water type Chloride L C50 LC10

MHRW 2 mg/L 512 mg/L 262 mg/L

34 mg/L | 2,855* mg/L | 2,185 mg/L

C. dubia 2mg/L | 2,050 mg/L | 1,759 mg/L

C. dubia 34 mg/L | 2,526* mg/L | 2,216 mg/L




% survival

MHRW RMHRW Chloride CalMg

CaMg=15:1 CaMg=54:1 CaMg=151  CaMg=541
Cl-=2mg/L Cl- =34 mg/L Cl-=34mg/L Cl-=2mg/L

Effect of various components of RMHRW on survival of Hyalella azteca in
elevated (2,500 mg SO /L) sulfate solutions. The“Chloride” and “Ca/Mg”
treatments consisted of standard MHRW with chloride or Ca/lMg ratio adjusted to

match RMHRW.
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Effect of increasing chloride concentrations on the toxicity of sulfate to Hyalella
azteca. Mean (xSD) sulfate concentration for all treatments was 2,846 + 80 mg
SO ,Z/L, mean hardness was 106 + 2 mg/L as CaCO,, and CaaMg was 5.4:1.
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control (EPA water)  hardness=100 hardness = 200 hardness = 300

Effect of hardness on toxicity of elevated sulfate to Hyalellain MHRW. Average
measured sulfate concentration was 1,460 mg/L (S.D. = 25) for the three
treatments excluding the control (106 mg/L sulfate).




Influence of water hardness on toxicity of sulfate to Ceriodaphnia dubiain
MHRW. All tests were conducted at 2501C for 48 hours. LC50s expressed as
mg SO,/L. CaMg for all treatments was 1.46:1

Hardness L C50 Range LC1095% C.I.
90 (89) 1,869 — 2,270 1,365 - 1,929

200 (194) 2,706 — 3,265 388 — 2,686

300 (288) 2,383 — 3,361 1,752 — 2,668

400 (390) 3,073 -3,369 2,190 - 2,997

500 (484) 3,338 —-3,716 2,519 -2,989

600 (578) 2,161 — 4,220 1,006 — 3,038




L C10 =526.24L n(hardness) - 574.81
R*=0.8713
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Hardness (mg/L)

Relationship between water hardness and toxicity of sulfate to Ceriodaphnia
dubia (48-h LC10 values are shown).




L C10 (mg SO4/L)

L C10 = 2.6853(hardness) + 1595.5
R’ = 0.959

300 400 500 600
Hardness (mg/L)

Relationship between water hardness and toxicity of sulfate to Ceriodaphnia
dubia (48-h LC10 values are shown).
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Effect of acclimation on toxicity of sulfate to Ceriodaphnia dubia. Organisms
were cultured for at least three generationsin MHRW, MHRW with 500 mg SO,*
, or MHRW with 1000 mg SO,




Conclusions

«Senditivity to sulfatein MHRW:
Hyalella > Ceriodaphnia = Sphaerium
> Chironomus

Increased chloride reduced toxicity of
sulfate to Hyalella and Ceriodaphnia.

Increased hardness reduced toxicity of
sulfate to Hyalella and Ceriodaphnia.
Calcium probably more important than
magnesium.

*Acclimation of Ceriodaphnia to 500
and 1000 mg SO,?/L resulted in
nominally higher LC50s compared to
unacclimated organisms.
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